ავარიები საქართველოს რკინიგზაზე და მათი გამომწვევი მიზეზები by კაკაბაძე, ავთანდილ
saqarTvelos teqnikuri universiteti 
                             xelnaweris uflebiT 
 
 
ავთანდილ კაკაბაძე 
 
 
Aავარიები საქართველოს რკინიგზაზე და მათი გამომწვევი 
მიზეზები 
 
 
specialoba: `sainJinro infrastruqtura da miwisqveSa nagebobebi~ 
 
 
doqtoris akademiuri xarisxis mosapoveblad  
wardgenili disertaciis 
 
 
a v t o r e f e r a t i 
 
 
 
 
Tbilisi 2014 w. 
 
1 
 
 sadisertacio naSromi Sesrulebulia saqarTvelos 
teqnikuri universitetis fakultetSoriso sagzao departamentSi 
rkinigzis mSeneblobis mimarTulebaze. 
 
samecniero  xelmZRvaneli:   teqnikis   mecnierebaTa  kandidati  
                           asocirebuli profesori g. kvantaliani 
  
recenzentebi:                 teqnikis   mecnierebaTa  doqtori 
                              sruli profesori T. WuraZe 
                               teqnikis   mecnierebaTa  kandidati 
                                          k. nozaZe 
 
     disertaciis  dacva  Sedgeba  2014  wlis  25  ivniss 
   saaTze saqarTvelos teqnikuri universitetis samSeneblo 
fakultetis kolegiis sxdomaze. 
 
misamarTi: 0175 q. Tbilisi, m. kostavas q. #68, I korpusi, 
auditoria #............ 
 
 
 
disertaciis gacnoba SeiZleba saqarTvelos teqnikuri 
universitetis centralur samecniero biblioTekaSi. 
 
 
 
avtoreferati gaigzavna -------  -------------------------- 2014 w. 
 
 
 
sadisertacio sabWos swavluli mdivani 
sruli profesori                                   /d. tabataZe/ 
 
 
2 
 
სამუშაოს ზოგადი დახასიათება 
 
samuSaos aqtualoba 
sarkinigzo transportis mimarT wayenebul ZiriTad 
moTxovnas warmoadgens matarebelTa usafrTxo da Seuferxebeli 
moZraobis uzrunvelyofa. rkinigzis liandagis yvela elementi 
simtkiciT, mdgradobiTa da mdgomareobiT unda uzrunvelyofdes 
matarebelTa usafrTxo da grafikiT moZraobas mocemul ubanze 
dadgenili siCqariT.   
mTian da gansakuTrebiT maRalmTian regionebSi gamavali 
rkinigzebi umetes SemTxvevaSi ganlagebulia rTul 
topografiul, klimatur, seismur, hidrologiur da sainJinro-
geologiur pirobebSi. amitom samTo rkinigzebze moZraobis 
usafrTxoebis uzrunvelyofa dakavSirebulia mTel rig 
problemebTan. es problemebi ganpirobebulia matareblebis 
moZraobis TaviseburebebiT cicabo qanobian monakveTebze, didi 
raodenobis mcire radiusian mrudebSi  da rigi metad rTuli 
bunebrivi movlenebiT. moZraobis Taviseburebebs miekuTvneba: 
samuxruWe xundebis gadaxureba da cveTa, magistralSi haeris 
wnevis vardna normaze dabla, aRmarTebze elmavlis eleqtruli 
Zravebis gadaxureba. bunebrivi movlenebidan unda aRiniSnos: 
TovliT danamqra, Tovlis zvavebi, kldovani Camoqcevebi, Svavebi, 
kurumebi, mewyerebi, Rvarcofebi da a.S. 
saqarTvelos rkinigzis suramis sauReltexilo ubanze 
matareblebis damuxruWebis problemam Tavi iCina misi 
eqspluataciaSi SesvlisTanave. am ubanze dafiqsirebulia 
mravali avaria, romelsac emsxverpla adamianTa sicocxle da 
qveyanas miadga didi ekonomiuri da materialuri zarali. am 
ubanze SezRudulia dasaSvebi siCqareebi, dakanonebulia gamyof 
punqtebze garkveuli droiT matarebelTa aucilebeli gaCereba 
(xundebis gaciebis da haeris Sevsebis mizniT), mowyobilia 
damWeri Cixi.  
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bolo xanebSi sagrZnoblad gaumjobesda moZravi 
Semadgenlobis samuxreWe mowyobiloba, eqspluataciaSi Sevida 
mZlavri elmavlebi, ramac saSualeba mogvca gagvezarda 
matareblis wona da moZraobis siCqareebi. miuxedavad amisa 
rkinigzis samTo ubnebi mainc rCeba, rogorc maRali riskis mqone 
moZraobis usafrTxoebis TvalsazrisiT. gasuli saukunis 80-ian 
wlebSi eqspluataciaSi Sevida marabda-axalqalaqis rkinigzis 
xazi, romelic Tavisi sirTuliT bevrad aRemateba suramis 
uReltexils da analogi ara aqvs yofil sabWoTa kavSiris 
sivrceSi. am xazze maqsimaluri qanobi aRemateba 35 ‰, xolo 
minimaluri radiusis sidide 300 metria.  
rkinigzis daproeqtebisa da eqspluataciis dros erT-erT 
ZiriTad sakiTxs warmoadgens moZravi Semadgenlobis saangariSo 
wonis normis dadgena. Semadgenlobis wona da moZraobis 
siCqareebi gansazRvraven rkinigzis simZlavresa da gadazidvebis 
TviTRirebulebebs. Aamitom Semadgenlobis optimaluri wonis 
dadgena teqnikuri, ekonomikuri da eqspluataciuri 
TvalsazrisiT metad arsebiTi sakiTxia. amJamad Semadgenlobis 
wonis gansazRvras safuZvlad udevs lokomotivis simZlavrisa 
da matareblis kinetikuri energiis maragis maqsimalurad 
gamoyenebis piroba.  saangariSo wonis arasworad SerCeva iwvevs 
saangariSo aRmarTebze matarebelTa moZraobis Seferxebasa da 
moZraobis organizaciis gaarTulebas. samTo rkinigzebze 
satvirTo matareblis wonis normis dadgenisas lokomotivis 
simZlavris garda gasaTvaliswinebelia mcireradiusian mrudebSi 
lokomotivis Tvalsa da relss Soris SeWidulobis 
koeficientis sididis Semcireba, eleqtruli Zravebis gadaxureba, 
relsis Tavis mdgomareoba, vagonebsSorisi gadasabmeli 
mowyobilobis simtkice. 
maRalmTiani teritoriebze (rogorsac Cveni qveyana 
warmoadgens) sagzao meurneobisaTvis seriozul problemas 
warmoadgens Tovlis zvavebi da namqerebi. Tovli da qarbuqis 
dros  liandagis danamqra damatebiT winaRobas uqmnis moZrav 
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Semadgenlobas, amcirebs moZraobis siCqares, zrdis energetikul 
xarjebs.  
disertaciis mizania, dadgindes daRmarTis is maqsimaluri 
sigrZeebi qanobis da siCqarisagan damokidebulebiT, romelzedac 
satvirTo matareblis moZraoba iqneba usafrTxo. marabda-
axalqalaqis xazze Semowmdes yvela grZeli cicabo daRmarTebi 
da damuxruWebis pirobebis daukmayofileblobis SemTxvevaSi 
Setanil iqnas proeqtSi Sesworebebi. SemuSavdes mTian regionSi 
gamaval rkinigzebze moZravi Semadgenlobis  saangariSo wonis 
dasadgeni meTodika da damuSavdes Tovlisagan dacvis efeqturi 
RonisZiebebi. 
aRniSnuli sakiTxebis gadawyvetis mizniT naSromSi dasmuli 
da gadawyvetili iqna Semdegi amocanebi: 
   Seswavlilia yvela is faqtori, romlebic gavlenas axdenen 
matareblis usafrTxo moZraobaze cicabo qanobian monakveTze. 
aseT faqtorTa ricxvs miekuTvneba: grZel daRmarTebze 
samuxruWe xundebis gadaxureba da cveTa, samuxruWe magistralSi 
haeris wnevis normaze dabla dacema, grZel aRmarTebze elmavlis 
wevis Zravebis gadaxureba; 
   samTo rkinigzebze saangariSo wonis dadgenisas 
mxedvelobaSia misaRebi ara marto lokomotivis simZlavre, 
aramed mTeli rigi faqtorebi, romlebic iwveven matareblis 
wonis normis Semcirebas. aseT faqtorebs ganekuTvneba 
mcireradiusiani mrudebi, klimaturi pirobebi, relsis Tavis 
mdgomareoba, wevis Zravebis gadaxureba, atmosferuli wnevisa da 
temperaturis cvalebadoba; 
   Seswavlili da gamovlenili iqna marabda_karwaxis rkinigzis 
xazze yvela TovlsaSiSi monakveTebi da SemuSavbulia liandagis 
TovliT danamqrisagan dacvis RonisZiebebi. 
sadisertacio Temis kvlevis meTodika dafuZnebulia: 
msoflios mTian regionebSi gamaval rkinigzebze moZraobis 
usafrTxoebis pirobebis damcav RonisZiebaTa Seswavlasa da 
analizze da Sedegebi kvlevebiT damowmebulia alternatiuli 
saxiT; satvirTo matareblis saangariSo wonis normis dadgenaze;  
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 liandagis Tovlis zvavebisa da danaqrisagan dacvis efeqtur 
RonisZiebebis damuSaveba-SerCevaze. 
naSromis mecnieruli siaxle 
− cnobili mecnierisa da praqtikosebis mier SemoTavazebuli 
xundebis gaxurebis temperaturis ganmsazRvreli 
formulebis gamokvlevisa da maTi gardaqmnis Sedegad 
dadgenilia daRmarTis is zRvruli sidideebi, romelzedac 
matarebelTa moZraoba iqneba usafrTxo; 
− gaanalizebulia grZel cicabo daRmarTebze damuxruWebisas 
samuxruWe magistralSi wnevis cvalebadobis mniSvnelobebi, 
rogorc eqsperimentalur aseve eqspluataciur pirobebSi. 
dadgenilia uwyveti damuxruWebis maqsimaluri droebi 
daRmarTis qanobis sidideebTan damokidebulebiT. am 
pirobiT da eqsperimentebiT dadgenilia daRmarTis 
zRvruli sidideebi; 
− dadgenilia daRmarTis maqsimaluri sigrZeebi qanobisa da 
xundis masalisagan damokidebulebiT; 
− dadgenilia cicabo aRmarTis zRvruli sigrZe wevis 
Zravebis gadaxurebis pirobiT; 
− gaanalizebulia faqtorebi, romlebic gavlenas axdenen 
matareblis saangariSo wonis normis dadgenaze. 
SemoTavazebulia satvirTo matareblis wonis normebi 
weliwadis drois mixedviT marabda-axalqalaqis rkinigzis 
xazze; 
− Seswavlili, gaanalizirebuli da srulyofilia mTian 
regionebSi gamavali rkinigzebis TovliT danamqvris 
sawinaaRmdego RonisZiebebi gamovlenilia TovliT 
danamqris da zvavsaSiSi monakveTebi marabda-karwaxis xazze 
da SemoTavazebulia Tovldamcavi nagebobebis axali 
konstruqciebi. 
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           disertaciis praqtikuli Rirebuleba. disertaciaSi 
gaanalizebuli da SemuSavebuli sakiTxebiT SesaZloa 
isargeblon mTian regionSi gamavali rkinigzebis daproeqtebisas. 
Cvens mier SemoTavazebuli rekomendaciebi ganxorcielda 
marabda-karwaxis rkinigzis rekonstruqciisa da mSeneblobis 
dros. kerZod, rTuli gadasarbenebis sigrZeebis Semowmebam 
damuxruWebis pirobiT gamoavlina, rom winwyaro-TeTriwyaro da 
TeTriwyaro-nadarbazevis gadasarbenebi ar akmayofilebda 
matareblebis usafrTxo moZraobis pirobebs. Cvens mier 
SeTavazebuli rekomendaciebi e.w. `mosasvenebeli~ moednis 
mowyoba da damatebiTi asaqcevis gaxsna am ubanze 
sareabilitacio-sarekonstruqcio samuSaoTa mimdinareobisas 
realurad iqna ganxorcielebuli. 
Cvens mier SemoTavazebuli matareblis saangariSo wonis 
normis dadgenis meTodika gaTvaliswinebuli iqneba 
marabda_karwaxis rkinigzis xazis eqspluataciaSi Sesvlis 
Semdgom. 
SeTavazebuli Tovldamcavi nagebobebis axali konstruqciebi 
dainergeba axalqalaqi-karwaxis mSenebare ubanze. 
naSromis aprobacia 
sadisertacio naSromis ZiriTadi debulebebi moxsenebul da 
ganxilul iqna Tematur seminarebze da kolokviumze, 
saqarTvelos teqnikuri universitetis studentTa 81-e Ria 
teqnikur konferenciaze (2013w). saqarTvelos teqnikuri 
universitetis fakultetSoriso sagzao departamentSi rkinigzis 
mSeneblobis mimarTulebis sxdomebze (2012w; 2013w; 2014w.) 
publikacia 
disertaciis masalebis mixedviT gamoqveynebulia Svidi 
samecniero statia. 
naSromis moculoba da struqtura 
disertacia Seicavs reziumes (qarTul da inglisur enebze), 
Sesavals, literaturis mimoxilvas, Sedegebsa da maT gansjas, 
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daskvnas, gamoyenebuli literaturis sias. naSromi warmodge-
nilia 125 nabeWd gverdze, maT Soris 21 cxrili da 29 naxazi. 
 
 
naSromis mokle Sinaarsi 
reziumeSi mocemulia naSromis Sesrulebis safuZvelze 
miRebuli ZiriTadi Sedegebi da maTi praqtikuli Rirebulebebi.  
SesavalSi dasabuTebulia Temis aqtualoba da mokled aris 
gadmocemuli disertaciis arsi. 
literaturis mimoxilvaSi mocemulia yvela im RonisZiebaTa 
analizi, romelic mimarTulia iyo rkinigzis transportze 
moZraobis usafrTxoebis uzrunvelsayofad. ganxilulia 
rkinigzis daproeqtebis iseTi ZiriTadi parametrebis SerCevis 
istoria rogoricaa matareblis saangariSo wona, TovlTan 
brZolis msoflio praqtikaSi dagrovili gamocdileba da 
Tovldamcav efeqtur RonisZiebaTa ganviTarebis istoria. 
samTo rkinigzebze moZraobis usafrTxoebis problemebi 
warmoiqmna rkinigzebis eqspluataciaSi Sesvlis dRidanve. amis 
TvalsaCino magaliTia suramis uReltexili, romelic 
eqspluataciaSi Sevida 1872 w. Tavidan  rkinigza Riad kveTda 
lixis qeds. qanobi am ubanze aRwevda 46 ‰-s. 1890 wels 
eqspluataciaSi Sevida wifis gvirabi, ramac saSualeba mogvca 
qanobi Segvemcirebina 29 ‰-mde. miuxedavad am RonisZiebisa, es 
ubani mainc rCeboda yvelaze urTules ubnad mTel yofil 
sabWoTa kavSiris rkinigzebze. suramis uReltexili iTvleboda 
rkinigzis erTgvar laboratoriad, sadac xdeboda sxvadasxva 
tipis muxruWebis gamocda. am ubanze matarebelTa usafrTxo 
moZraobis uzrunvelsayofad gatarebulia rigi RonisZiebebi, 
kerZod: Semcirebulia dasaSvebi siCqareebi, mowyobilia damWeri 
Cixebi gasuli, gamyof punqtebze SemoRebulia matareblebis 
savaldebulo 4_6 wuTiani gaCereba. bolo periodSi gaumjobesda 
moZravi Semadgenlobis teqnikuri aRWurviloba, srulyofil iqna 
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muxruWebis konstruqcia, magram moZraobis usafrTxoebis 
problemebi dReisaTvis mainc aqtualuria. 
gasuli saukunis 80-ian wlebSi Cvens qveyanaSi 
eqspluataciaSi Sevida kidev erTi samTo rkinigzis ubani _ 
marabda-axalqalaqi, romelsac sirTulis mixedviT analogi ar 
gaaCnia ara marto yofil sabWoTa kavSirSi, aramed evropaSic. am 
ubanze saxelmZRvanelo qanobis sidide aWarbebs 35 ‰-s da  
eqspluataciaSi SesvlisTanave dRis wesrigSi dadga moZraobis 
usafrTxoebis uzrunvelsayofad saWiro RonisZiebaTa damuSaveba.      
rkinigzis xazi Tavidan agebuli iqna rogorc adgilobrivi 
daniSnulebis, xolo axlo momavalSi gaTvaliswinebulia 
TurqeTis respublikasTan damakavSirebeli saerTaSoriso xazis  
baqo-Tbilisi-yarsis eqspluataciaSi gaSveba, romlis Semadgenel 
nawils warmoadgens marabda-axalqalaqis ubani. am ubnis 
eqspluataciaSi Sesvlisas kidev ufro mwvaved dadgeba 
matarebelTa usafrTxo moZraobis uzrunvelyofis sakiTxi. 
mTian da gansakuTrebiT maRalmTian regionebSi gamaval 
rkinigzebze, gansxvavebiT vake da mTiswina reliefze gamavali 
rkinigzebisagan, moZravi Semadgenlobis saangariSo wonis 
dadgenisas, garda lokomotivis simZlavrisa, mxedvelobaSia 
misaRebi iseTi faqtorebi, rogorebicaa mcire sididis radiusebi, 
rTuli klimaturi pirobebi, relsis Tavis mdgomareoba. 
matareblis saangariSo wonis arasworad SerCeva ki gamoiwvevs 
satvirTo matareblis saxelmZRvanelo qanobian monakveTze 
moZraobis Seferxebas. samTo gzebze matareblis wonis normaze 
gavlenas axdens elmavlis eleqtruli Zravebis gadaxureba. 
romlis Tavidan acilebis mizniT mimarTaven moZravi 
Semadgenlobis wonis Semcirebas. 
Cveni qveynis rkinigzis rig monakveTze adgili aqvs Tovlis 
zvavebs da liandagis TovliT danamqras. saqarTvelos 
rkinigzisaTvis Tovlisagan miyenebuli ziani metad 
mniSvnelovania. magaliTad, marabda-axalqalaqis rkinigzis ubani 
TiTqmis naxevari weliwadi umoqmedodaa Rrma WrilebSi 
liandagis TovliT danamqris gamo. TovliT danamqrasTan 
9 
 
brZolis didi gamocdileba aqvT iseT qveynebs, rogoricaa: 
avstria, Sveicaria, aSS, kanada, iaponia, ruseTi da sxva. amerikis 
SeerTebul StatebSi rkinigzebis TovlTan brZolis Seswavlas 
emsaxureba rigi samecniero-sakvlevi institutebi. 
eqspluataciis gansakuTrebulma rTulma pirobebma zamTris 
periodSi mecnierebis winaSe daayena sakiTxi, gamoemuSavebinaT 
efeqturi RonisZiebebi liandagis Tovlisagan dasacavad. 1861 
wels pirvelad iqna gamoyenebuli cocxali tye-nargavebi 
TovliT danamqris sawinaaRmdegod. 1863 w. inJinerma titovma 
Seqmna droebiT gadasatani farebi. me-19 saukunis bolos 
eqspluataciaSi Sevida mudmivi Tovldamcavi Robeebi. 
gansakuTrebiT kargi miRwevebi aqvT avstriel mecnierebs 
TovlTan brZolisa da liandagis TovliT danamqvrisagan dacvis 
RonisZiebaTa SemuSavebaSi Tovlis movlenebis SeswavliT aSS-Si 
dakavebulia aTobiT samecniero-kvleviTi dawesebuleba. 
Sedegebisa da maTi gansjis pirvel TavSi ganxilulia satvirTo 
matareblebis moZraobis Taviseburebani cicabo qanobian 
monakveTebze. aseTi Taviseburebebia: grZel daRmarTebze 
samuxruWe xundebis gadaxureba da cveTa, samuxruWe magistralSi 
haeris wnevis normaze dabla dacema, grZel qanobian aRmarTebze 
elmavlis eleqtruli Zravebis gadaxureba. 
grZel cicabo daRmarTebze uwyveti damuxruWebisas 
mosalodnelia samuxruWe xundebis gadaxureba, rac gamoiwvevs 
samuxruWe Zalis Semcirebas da safrTxes Seuqmnis moZraobis 
usafrTxoebas. ukanasknel xanebSi moZravi Semadgenloba aRiWurva 
kompoziciuri masalisagan damzadebuli xundebiT. aseTi xundebi 
gamoirCeva maRali cveTamedegobiT da gazrdili samuxruWe 
ZaliT, amasTanave es masala xasiaTdeba nakleb TbogamtarobiT, 
rac iwvevs Tvlebis Tbur gadatvirTvas da misi mwyobridan 
gamosvlas. amasTan kompoziciuri masalisagan damzadebul 
xundebs axasiaTebs sriala zedapiri, rac dabali temperaturis 
dros amcirebs samuxruWo efeqts damuxruWebis sawyis stadiaze. 
amitom saqarTvelos rkinigzis ufrosis brZanebiT Tanaxmad 
sauReltexilo ubnebze (suramis uReltexili, marabda-
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axalqalaqi) savagono Semadgenloba aRWurvilia erTdroulad 
Tujisa da kompoziciuri xundebis Tanabari raodenobiT (50_50%). 
xundis gaxurebis temperaturis dadgena erTob rTulia, 
radgan is damokidebulia mraval faqtorze, rogoricaa vagonis 
wona, moZraobis siCqare, daRmarTis qanobi, xundis masala, 
garemos temperatura da sxva. am sakiTxis Seswavla aqtualuri 
gaxda gasuli saukunis 70-ian wlebidan. am periodamde am 
sakiTxiT ar daintereseba aixsneba im garemoebiT, rom arsebul 
samTo rkinigzebze moZraobis siCqareebi iyo dabali, xolo 
gadasarbenis sigrZeebi ar iyo didi.  
xundebis gadaxurebis Seswavla-gamokvlevis sakiTxebze 
yvelaze sando da dasabuTebuli kvlevebi Sesrulebuli aqvs 
cnobil rus mecniersa da praqtikoss v. inozemcevs. prof. v. 
inozemcevis mier grZel cicabo daRmarTebze xundebis gaxurebis 
temperaturis SemowmebisaTvis SemoTavazebulia formula  
             
�1−𝛼𝛼𝜌𝜌�𝛼𝛼𝑅𝑅ℎ𝑃𝑃𝑃𝑃𝑆𝑆0
𝑡𝑡𝑆𝑆𝑚𝑚 𝑑𝑑
�1 − 𝑒𝑒−0.03√𝑡𝑡� = 2        (1) 
            Aam tolobis dacvis SemTxvevaSi xundis gaxurebis 
temperatura iqneba normis farglebSi (maqsimaluri dasaSvebi 
temperatura 3500C). 
zemoTmoyvanil formulaSi Semavali sidideebis 
mniSvnelobebis Casmisa da saTanado gardaqmnis Semdeg 
vRebulobT daRmarTis zRvruli sigrZeebis mniSvnelobebs 
moZraobis siCqaris da qanobis sididesTan damokidebulebiT. 
Tujis xundebisaTvis             𝑙𝑙 = 𝑉𝑉3.24 𝑙𝑙𝑙𝑙2 �1 − 567�1−𝛼𝛼𝑝𝑝�𝑉𝑉𝑉𝑉  � km 
kompoziciuri xundebisaTvis      𝑙𝑙 = 𝑉𝑉3.24 𝑙𝑙𝑙𝑙2 �1 − 419�1−𝛼𝛼𝑝𝑝�𝑉𝑉𝑉𝑉  � km 
am formulebiT gamoTvlili daRmarTis sigrZeebi moyvanilia 
#1 cxrilSi  da grafikulad warmodgenilia 1 naxazze. 
am formulebSi 𝛼𝛼𝜌𝜌 - rekuperaciis koeficientia. iseTi 
sidideebis dadgenisas, rogoricaa maqsimaluri dasaSvebi 
siCqareebi, samuxruWo manZili, rekuperaciis koeficienti 
mxedvelobaSi ar miiReba. radgan rekuperaciuli damuxruWeba  
iTvleba rogorc damxmare saSualeba. xundebis gaxurebis 
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temperaturis dadgenisas ki rekuperaciul damuxruWebas 
vRebulobT mxedvelobaSi, rac aixsneba im garemoebiT, rom Tu 
rekuperaciuli muxruWi gamoirTo, memanqane Semcirebuli 
siCqariT uzrunvelyofs matareblis Seyvanas uaxloes gamyof 
 
  daRmarTis maqsimaluri sigrZeebi xundebis  
gadaxurebis pirobiT (Tujis xundebi) 
 
daRmarTis maqsimaluri sigrZeebi xundebis  
gadaxurebis pirobiT (kompoziciuri xundebi) 
 
                          nax. 1 
                                                   cxrili 1 
daRmarTis maqsimaluri sigrZeebi (km) xundebis 
gadaxurebis pirobiT 
reku- 
pera- 
ciuli 
koef. 
αp 
xun-
dis 
masa-
la 
𝑉𝑉 = 20 ‰ 𝑉𝑉 = 25 ‰ 𝑉𝑉 = 30 ‰ 𝑉𝑉 = 35 ‰ 𝑉𝑉 = 40 ‰ 
matareblis moZraobis siCqare, km/sT 
V=60 V=50 V=40 60 50 40 30 40 30 20 40 30 25 20 40 30 25 20 
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 punqtze. rekuperaciis koeficientis sidides viRebT 0.3, Tumca 
realurad misi mniSvneloba gacilebiT metia. 80-ian wlebSi prof. 
v. inozemcevma xundebis gaxurebis temperaturis dasadgenad 
SemogvTavaza (1) formulisagan sruliad  gansxvavebuli 
formula: 
 𝑇𝑇 = 𝑞𝑞
𝛼𝛼
(1 − 𝑒𝑒−𝑧𝑧)  (2)      𝑍𝑍 = 2𝑎𝑎  √𝑡𝑡
√Πλ𝑐𝑐
 
 sadac, 𝑞𝑞 - Tburi nakadis simkvrivea;  𝛼𝛼 - Tbogadacemis  
             koefcientia; λ - Tbogamtarobis koeficientia. 
Tu (2) formulaSi SevitanT gamosaxulebaTa ricxviT 
mniSvnelobebs, saTanado gardaqmnis Semdeg davadgenT daRmarTis 
maqsimalur sigrZes siCqarisa da qanobisagan damokidebulebiT: 
Tujis xundebisaTvis         𝐿𝐿 = 𝑣𝑣 � 1
𝐾𝐾𝛼𝛼
ln �1 − 11986 ∙𝛼𝛼
�1−𝛼𝛼𝑝𝑝�𝑣𝑣𝑉𝑉��2 km 
kompoziciuri xundebisaTvis  𝐿𝐿 = 𝑣𝑣 � 1
𝐾𝐾𝛼𝛼
ln �1 − 9542 ∙𝛼𝛼
�1−𝛼𝛼𝑝𝑝�𝑣𝑣𝑉𝑉��2 km 
 
daRmarTis maqsimalur dasaSveb sigrZeTa mniSvnelobebi 
siCqarisa da qanobisagan damokidebulebiT warmodgenilia 
cxrilSi 2 da  naxzze 2. 
     
                                                 cxrili 2 
daRmarTis maqsimaluri sigrZeebi (km) siCqarisa da  
qanobisgan damokidebulebiT  
daRmarTis sigrZeebi, km 
α=0 Tuji 7,6 10,8 18,7 4,2 5,6 8,7 18,4 5,1 9,2 52,5 3,3 5,6 11,5 17 2,4 3,8 6,4 9,4 
α=0,3 Tuji 23,4 42,5 - 11,2 16,8 34,0 - 15,6 48,9 - 9,2 20 51,8 - 6,2 11,7 21,3 - 
α=0 kompoz. 3,4 4,6 6,8 - 2,6 3,7 6,2 2,3 3,6 8,9 1,6 2,4 3,8 5,2 1,1 1,7 2,5 3,4 
α=0,3 kompoz. 13,0 23,6 - - 6,6 10,4 14,8 5,9 11,1 19,9 3,7 6,1 9,8 - 2,7 4,5 8,0 11,8 
reku- 
pera- 
ciuli 
koef. 
αp 
xun-
dis 
masa-
la 
𝑉𝑉 = 20 ‰ 𝑉𝑉 = 25 ‰ 𝑉𝑉 = 30 ‰ 𝑉𝑉 = 35 ‰ 𝑉𝑉 = 40 ‰ 
matareblis moZraobis siCqare, km/sT 
V=60 50 40 60 50 40 30 50 40 30 25 40 30 25 20 40 30 25 20 
daRmarTis sigrZeebi, km 
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rogorc warmodgenili cxrilebidan da grafikebidan Cans, 
daRmarTis maqsimaluri sigrZeTa sidideebi, gamoTvlili ori 
sxvadasxva (1) da (2) formulis mixedviT gansxvavdebian 
erTmaneTisagan. Teoriuli gamoTvlebis sandoobis dasadgenad 
mivmarTeT eqsperimentaluri cdebis Sedegebis Sejerebas 
Teoriul monacemebTan. eqsperimentebi Catarebuli iqna suramis 
uReltexilze.  eqsperimentebi  Catarda rogorc  Tujis,   aseve 
kompoziciuri xundebisaTvis. rogorc Catarebuli cdebis  
daRmarTis maqsimaluri sigrZeebi            daRmarTis maqsimaluri sigrZeebi 
  xundebis  gadaxurebis pirobiT               xundebis gadaxurebis pirobiT  
       (Tujis xundebi)                            (kompoziciuri xundebi) 
                              nax. 2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
analizma gviCvena Cvens mier miRebuli Teoriuli Sedegebi (me-2 
formulis mixedviT) srul TanxvedraSia eqsperimentebis  
monacemebTan (gansxvaveba ar aRemateba 3 %-s). rac miuTiTebs 
imaze, rom Cvens mier Catarebuli Teoriuli gaangariSebis 
saimedoba eWvs ar iwvevs. 
grZel cicabo daRmarTebze mosalodnelia samuxruWe 
magistralSi haeris wnevis dacema normaze dabla, rac safrTxes 
uqmnis matareblebis usafrTxo moZraobas. Tanamedrove muxruWebi 
α=0 Tuji 11,6 14,4 18,8 7,0 8,7 11,2 15,8 5,8 7,4 10,3 15,0 5,3 7,3 9,5 11,8 3,9 5,4 7,2 8,6 
α=0,3 Tuji 26,9 34 45,8 15,8 19,7 26,0 - - 16,9 24 30 11,7 16,8 20,7 - 8,2 12,1 15,0 - 
α=0 kompoz. 5,8 7,5 9,3 3,6 4,4 5.7 7,8 3,0 3,9 5,2 8,3 2,9 3,7 4,6 5,9 2,1 2,8 4,1 5,3 
α=0,3 kompoz. 9,6 16,2 21,3 7,9 9,7 12,1 17,8 6,5 8,3 11,7 19,1 5,9 8,2 10,1 13,2 4,4 6,1 7.8 9,7 
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aRWurvilia iseTi haergamanawileblebiT, romlebic Teoriulad 
uSretni arian, magram xangrZlivi, uwyveti damuxruWebisas 
magistralis gadasabmel mowyobilobebSi hermetiulobis 
darRvevis, garemos dabali temperaturisa da sxva garemoebaTa 
gamo SesaZlebelia magistralis daSreta. am sakiTxis Seswavla 
dRis wesrigSi dadga gasuli saukunis 70-80-ian wlebSi, roca 
transkavkasiis proeqtis Sedgena daiwyo. saqme is gaxldaT, rom 
arsebul rkinigzebze gadasarbenis sigrZeebi iyo mcire, 
amasTanave dawesebuli iyo gamyof punqtebze matareblebis 
savaldebulo gaCereba 4_6 wuTiT haeris Sesavsebad. Tanamedrove 
pirobebSi samTo gzebze gadasarbenis sigrZeebi erTob 
gazrdilia. magaliTad transkavkasiis saproeqto xazze 
orliandagiani gadasarbenis sigrZe Seadgenda 22 km-s. marabda-
axalqalaqis xazze erTliandagiani rkinigzis gadasarbenis 
sigrZe Seadgens 15 km-s. 
haeris wnevis cvalebadobis dadgena Teoriuli gziT 
SeuZlebelia im mravali faqtoris gamo, romlebsac aqvT adgili 
damuxruWebisas. prof. g. kvantalianis mier gasuli saukunis 80-
ain wlebSi yofili rkinigzis sakavSiro sakvlev institutSi 
Catarebuli iqna eqsperimentebi. am eqsperimentebis monacemebis 
safuZvelze dadginda, rom cicabo qanobian daRmarTebze uwyveti 
damuxruWebis dro ar unda aRematebodes 35 wT-s (qanobisagan 
damoukideblad). 
Cvens mier Seswavlili da gaanalizebuli iqna realur 
pirobebSi suramis uReltexilze Catarebuli cdebis Sedegebi. 
movaxdineT maTi Sejereba eqsperimentebis monacemebTan da 
aRmoCnda, rom realur pirobebSi sahaero magistralSi wnevebis 
mniSvnelobebi naklebia, vidre eqperimentebiT miRebuli 
monacemebi. amitom rekomendacias vaZlevT damuxruWebis 
maqsimaluri dro SeizRudos 30 wuTamde, Tu qanobis sidide 
aRemateba 30 ‰, xolo naklebi sididis qanobebze uwyveti 
damuxruWebis drod miRebuli iqnas 35 wuTi. 
gvecodineba ra moZraobis saSualo siCqare daRmarTebze, 
Zneli ar aris daRmarTis maqsimaluri sigrZis dadgena 
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             𝑙𝑙daR = 𝑉𝑉saS ∙ tdam               𝑉𝑉saS = 𝑉𝑉maq − ∆𝑉𝑉;  𝑉𝑉maq - moZraobis maqsimaluri siCqarea 
daRmarTebze,  ∆𝑉𝑉 - Sesworebaa da aiReba 5 km/sT. 
satvirTo matareblebis cicabo qanobebze damuxruWebisas 
friqciuli masalis gaxurebasTan erTad izrdeba maTi cveTac. 
kompoziciuri masalisagan damzadebuli xundebi 
cveTamedegia. amitom aseTi xundebi uzrunvelyofen SedarebiT 
grZel daRmarTebze muxruWebis normalur muSaobas, xolo Tujis 
xundebis SemTxvevaSi, romlebic ar arian cveTamedegi, grZeli 
daRmarTis win saWiroa maTi sisqis Semowmeba. normebis Tanaxmad 
Tujis xundis minimaluri sisqe ar unda iyos 12 mm-ze naklebi. 
Tujis xundis minimaluri sisqe (∆𝐻𝐻) prof. v. inozemcevis 
formulis Tanaxmad tolia 
∆𝐻𝐻 = 10 + 0.03 𝛴𝛴𝑙𝑙𝑉𝑉  mm 
am formulis daxmarebiT davadgineT daRmarTis maqsimaluri 
sigrZe xundis sisqesTan da qanobis sididesTan damokidebulebiT. 
Sedegi warmodgenilia  cxrilSi 3. 
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cxrili 3 
daRmarTis maqsimaluri sigrZe xundis 
sisqesTan damokidebulebiT 
 
rogorc zemoT avRniSneT, samTo rkinigzebze gvxvdeba 
cicabo grZeli aRmarTebi. aseT monakveTebze saangariSo woniani 
matareblebis moZraobisas mosalodnelia wevis Zravebis 
gadametxureba. es garemoeba gamoiwvevs izolaciis dazianebas da 
saboloo jamSi wevis Zravis mwyobridan gamosvlas. marTalia 
Tanamedrove elmavlebi aRWurvilia ufro srulyofili ZravebiT, 
romlebic gadametxurebas ufro xangrZlivad uZleben, magram 
SezRudvas mainc aqvs adgili, anu  gadaxureba mainc aRwevs Tavis 
zRvrul sidides. Zravis maqsimaluri dasaSvebi temperatura 
damokidebulia izolaciis klasze da garemos temperaturaze. 
eleqtruli Zravebis gadaxurebis temperatura analizurad 
gamoiTvleba formuliT  𝜏𝜏 = 𝜏𝜏∞ �1 − 𝑒𝑒−𝑡𝑡𝑇𝑇� + 𝜏𝜏0𝑒𝑒−𝑡𝑡𝑇𝑇 
sadac:  𝜏𝜏∞ da 𝜏𝜏 - Zravis Tburi maxasiaTeblebi,  𝜏𝜏0 - sawyisi 
temperaturaa, 𝑡𝑡 - Zravis muSaobis xangrZlivoba, wT. 
zemoTmoyvanili gantoleba SeiZleba ase warmovidginoT 
𝜏𝜏 = 𝜏𝜏∞ + 𝑒𝑒−𝑡𝑡𝑇𝑇  (𝜏𝜏0 − 𝜏𝜏∞) 
aqedan Tu ganvsazRvravT Zravis gaxurebis dros, miviRebT 
xundis 
sisqe,     
 ∆H mm 
daRmarTis 
qanobi, 
    I ‰ 
daRmarTis   
 sigrZe, 
    L km 
xundis 
sisqe,     
 ∆H mm 
daRmarTis 
qanobi, 
    I ‰ 
daRmarTis   
 sigrZe, 
    L km 
40 
30 
20 
15 
15 
66.6 
44.4 
22.2 
11.1 
60 
40 
30 
20 
30 
55.5 
33.3 
22.2 
11.1 
40 
30 
20 
15 
20 
50 
33.3 
16.3 
8.3 
60 
40 
30 
20 
35 
47.6 
28.7 
19 
9.5 
60 
40 
30 
20 
25 
66.6 
40 
26.7 
13.3 
60 
40 
30 
20 
40 
41.7 
25 
16.7 
8.3 
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𝑡𝑡 = −𝑇𝑇𝑙𝑙𝑙𝑙 𝜏𝜏 − 𝜏𝜏∞
𝜏𝜏0 − 𝜏𝜏∞  wT 
gvecodineba ra Zravis gaxurebis maqsimaluri dasaSvebi dro, 
advilad davadgenT aRmarTis zRvrul sigrZes 𝑙𝑙 = 𝑉𝑉 𝑡𝑡60  km. 
Zravebis gaxurebis maqsimaluri dro da aRmarTis zRvruli 
sigrZeebi Tanamedrove lokomotivisaTvis mocemulia  cxrilSi 4 
(mricxvelSi sruli datvirTviT muSaobisas, mniSvnelSi saaTuri 
reJimisaTvis). 
                                                  cxrili 4 
            aRmarTis zRvruli sigrZeebi Zravebis gaxurebis   
               maqsimalur drosTan damokidebulebiT 
                                                    
miRebuli Sedegebis analizma dagvanaxa, rom daRmarTis 
maqsimaluri sigrZe moZraobis usafrTxoebis pirobiT izRudeba 
xundebis gadaxurebiT da haeris magistralSi wnevis dacemiT. am 
ori faqtoris erTdrouli gaTvaliswinebiT unda moxdes 
daRmarTis maqsimaluri sigrZis dadgena. xundebis gaxurebis 
pirobiT daRmarTis sigrZis gazrda SesaZlebelia moZraobis 
siCqaris SemcirebiT, meore mxriv am dros mcirdeba daRmarTis 
sigrZe magistralis daSretis pirobiT. aucilebelia am ori 
urTierTgamomricxavi faqtorebis erTdrouli gaTvaliswineba, 
risTvisac koordinatTa erT sistemaSi vagebT daRmarTis sigrZis, 
lokomotivis 
tipi 
t, wT 𝑙𝑙, km 
𝜏𝜏00 𝐶𝐶 𝜏𝜏00 𝐶𝐶 
matareblis moZraobis siCqare, km/sT 
15 40 60 80 15 40 60 80 
aRmarTis zRvruli sigrZeebi, km 
ВЛ10, ВЛ11 
(тл-2л1) 
3759 3252 2645 1910 2847.0 24.241.6 19.735.8 14.527.8 
ВЛ60К 
(HБ-412K) 
33.454  28.648  2442 1834 24.447.5 2142 17.926.7 13.229.7 
ВЛ60К 
(HБ-412K) 
41.573  36.867  33.261.5 2955 29.664  26.248.5 23.654  20.748  
ВЛ80К 
(HБ-418K) 
33.548  3042.5 25.537  19.430  24.741.5 22.226.7 18.732  14.325.8 
ВЛ80К 
(HБ-414Б) 
37.5 33 28.2 23 29.2 25.7 22 17.9 
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xundebis gadaxurebis da daSretis pirobebis 
urTierTdamokidebulebis grafiks (nax. 3). 
 
 
 
 
 
 
 
 
 
            nax. 3 
xundebis gadaxurebis (1) da daSretis (2) grafikebis 
urTierTgadakveTa gvaZlevs rogorc moZraobis siCqarisa, aseve 
daRmarTis sigrZis optimalur sidideebs. 
naSromSi Seswavlili, gaanalizebuli da dadgenilia 
marabda-axalqalaqis rkinigzis xazze arsebuli grZeli cicabo 
daRmarTebis sigrZeebi damuxruWebis pirobiT. aseTi rTuli 
gadasarbenebi am xazze xuTia: 1) winwyaro-TeTriwyaro, 2) 
TeTriwyaro-nadarbazevi, 3) nadarbazevi-bedeni, 4) walka-
TrialeTi, 5) TrialeTi-Tafaravani. 
rogorc gamokvlevebma gviCvenes, am gadasarbenebidan 
moZraobis usafrTxoebis piroba ar aris damakmayofilebeli 
TeTriwyaro-nadarbazevisa da winwyaro-TeTriwyaros gadasarbe-
nebze. 
TeTriwyaro-nadarbazevis gadasarbeni sigrZiT 14.7 km. ar 
akmayofilebs rogorc xundebis gadaxurebis, aseve magistralis 
daSretis pirobebs. amitom Catarebuli gaangariSebiT miRebuli 
Sedegebis safuZvelze Cveni rekomendaciiT aucilebelia 
damatebiTi asaqcevis gaxsna am gadasarbenis SuaSi. es 
rekomendacia gaTvaliswinebulia da ganxorcielda asaqcevis 
mowyoba, riTac amaRlda ara marto usafrTxoebis xarisxi, 
aramed gaizarda gamtarunarianobis sidide 22 wyvilidan 34 
wyvil matareblamde dRe-RameSi. 
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gadasarbeni winwyaro-TeTriwyaro daRmarTis zRvruli 
mniSvneloba damuxruWebis pirobiT Seadgens 9.0 km-s. realurad 
daRmarTis sigrZe 9.3 km-ia. am SemTxvevaSi SesaZlebelia 
moZraobis siCqaris Semcireba an profilis Semsubuqeba. Cveni 
rekomendaciiT am gadasarbenze moewyo e.w. `dasasvenebeli~ 
moedani, romelic uzrunvelyofs gadasarbenze moZraobis 
usafrTxoebas. 
Sedegebis da gansjis mesame TavSi ganxilulia samTo 
rkinigzebze satvirTo matareblebis Semadgenlobis saangariSo 
wonis normis dadgenis Taviseburebani. satvirTo matareblis 
Semadgenlobis saangariSo wona rkinigzis xazis erT-erTi 
ZiriTadi parametria. radgan Semadgenlobis wona da moZraobis 
siCqareebi gansazRvraven rkinigzis simZlavresa da gadazidvebis 
TviTRirebulebebs, Aamitom Semadgenlobis optimaluri wonis 
dadgena teqnikuri, ekonomikuri da eqspluataciuri 
TvalsazrisiT metad arsebiTi sakiTxia. samTo rkinigzebze 
saangariSo wona garda lokomotivis simZlavrisa da qanobis 
sididisa SesaZlebelia SeizRudos rigi sxva faqtorebiT, 
rogorebicaa: mcireradiusian mrudebSi SeWidulobis 
koeficientis Semcireba, elmavlis wevis Zravebis gadaxureba, 
vagonebsSoris gadasabmeli mowyobilobebis simtkice, relsis 
Tavis mdgomareoba da sxva. 
lokomotivis wevis Zala damokidebulia moZravi 
Semadgenlobis Tvalsa da relss Soris SeWidulobis 
koeficientze. Cveulebriv pirobebSi misi sidide tolia 0.25. 
rogorc sazRvargareT Catarebulma kvlevebma gviCvenes, am 
koeficientis realuri sidide SeiZleba daeces 0.15-mde. marTalia 
relsis Tavze silis moyra zrdis SeWidulobis sidides magram 
ara umetes 0.2-mde. amitom Cven saangariSod am koeficientis 
sidided viRebT 0.2-s. marabda-axalqalaqis rkinigzis xazisTvis 
Cvens mier dadgenili iqna satvirTo matareblis saangariSo 
wonis norma (amJamad miRebulia 1800 t). zemoTmoyvanili 
faqtorebis gaTvaliswinebiT viZleviT rekomendacias, SemoRebul 
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iqnas e.w. `sezonuri~ wonis normebi: zafxulis periodSi - 1700 t, 
xolo zamTris periodSi - 1300 t (ormagi wevisaTvis). 
im SemTxvevaSi, roca gadazidvebis zomebi mcirea, advili 
SesaZlebelia mizanSewonili aRmoCndes Tbowevis gamoyeneba. 
mTian pirobebSi Tbowevis gamoyenebisas aucilebelia 
gaviTvaliswinoT is garemoeba, rom zRvis donidan simaRlis 
matebasTan erTad mcirdeba dizelis Zravis simZlavre. 
Sedegebisa da gansjis meoTxe Tavi Seexeba mTian regionebSi 
gamavali rkinigzebis TovliT danamqrisagan damcav RonisZiebaTa 
gamokvleva_srulyofas. samTo rkinigzebze TovlTan brZola 
erTob problematuria. gamonaklisi arc Cveni rkinigzis samTo 
monakveTebia. rogorc iyo aRniSnuli, marabda-axalqalaqis 
rkinigzis xazi weliwadSi ramodenime Tve ar muSaobs TovliT 
danamqris gamo.  
naSromSi warmodgenilia da gaanalizebulia msoflio 
praqtikaSi arsebuli RonisZiebebi, romelic mimarTulia 
liandagis Tovlisagan dasacavad, rkinigzis trasisa da 
profilis daproeqteba TovliTdanamqris Tavidan acilebis 
gaTvaliswinebiT, liandagis TovliT danamqrisagan damcavi 
RonisZiebebi axalmSenebare rkinigzis ubanze axalqalaqi-karwaxi-
TurqeTis respublikis sazRvari, TovldamWeri nagebobis axali 
konstruqciebi. 
Cveni qveynis rkinigzis xazis rigi ubani ganTavsebulia 
intensiuri qarbuqis zonebSi, romlebic rig SemTxvevaSi 
safrTxes uqmnian matarebelTa usafrTxo moZraobas.  
im ubnebze, sadac mosalodnelia TovliT danamqra, 
daunamqravi rkinigzebis gegmisa da profilis daproeqtebas 
gaaCnia aqtualuri mniSvneloba, radgan TovliT danamqra xSirad 
xdeba matarebelTa Semaferxebeli da saxifaTo moZraobis 
gamomwvevi mizezi, xolo eqspluataciis periodSi TovlTan 
brZolis procesi saWiroebs did danaxarjebs. 
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adgilmdebareobis reliefis yovelgvari cvlileba iwvevs 
qaris siCqaris cvalebadobas miwis zedapirze. SemaRlebuli 
adgilebis garsSemovlisas qaris siCqare izrdeba, xolo 
Cadablebuli adgilebis garsSemovlisas mcirdeba. profilis 
mkveTrad Secvlis adgilebSi warmoiqmneba qaris siCqaris 
minelebis an agrigalebis zonebi (aerodinamiuri Crdilebis 
zona). qaris calkeuli nakadis WavlSi, romelic xvdeba 
aerodinamikuri Crdilis zonaSi, mcirdeba siCqare, xolo zog 
SemTxvevaSi adgili aqvs maT ukumoZraobas. amitom qarbuqisa da 
miwispira qaris dros xdeba aerodinamikuri Crdilovani zonebis 
intensiuri danamqra. 
 
 
 
 
 
 
nax. 4 rkinigzis  miwis  vakisis 
SesaZlo   ganlagebebi  qarpira   da  
qarzurga  ferdoebze   da  SesaZlo 
danamqris grafikebi maTi simaRlisa 
da qaris siCqaris sidideTa mixedviT 
 
 
 
 
 
naxazze 4 warmodgenilia rkinigzis miwis vakisis SesaZlo 
ganlagebebi qarpira  ferdosa (a) da myudro_qarzurga ferdoze 
(b) da sxvadasxva simaRlis yrilebis danamqris drois siCqaris 
sidideebian damokidebulebis grafikebi. 
     zvavsaSiS ferdobebze TovldamWeri nagebobebi unda iyos 
Tovlis fenaze maRali, raTa isini ar daifaron TovliT, maT 
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zemoT ar warmoiSvas gafxvierebuli dasustebuli horizonti da 
ar moxdes liandagze Tovlis zvavis Camowola. 
TovldamWeri nagebobis saangariSo simaRle unda dainiSnos 
im pirobiT, rom Tovlis Sris sisqis gadaWarbebis albaTobis 
optimalurma simaRlem uzrunvelyos liandagis dacva SesaZlo 
variantebis samSeneblo da eqspluataciuri xarjebis minimaluri 
sididiT.  
 axalmSenebare rkinigzis ubanze axalqalaqi-karwaxi-
TurqeTis respublikis sazRvari matarebelTa usafrTxo da 
Seuferxebeli moZraoba mniSvnelovnadaa damokidebuli 
liandagis TovliT danamqrisagan damcav RonisZiebaTa 
ganxorcielebaze. 
 sarkinigzo liandagis sigrZe sadgur axalqalaqidan 
TurqeTis respublikis sazRvramde Seadgens 22 km-s, aqedan 
sxvadasxva kategoriisa da xarisxis mqone monakveTebi sigrZiT 
svlis mimarTulebis marjvena mxares ≈≈12 km, xolo marcxena 
mxares ≈≈6.6 km eqvemdebareba TovliT danamqrisagan dacvas. 
 Cvens mier Teoriuli da eqsperimentaluri kvlevebis 
safuZvelze SemuSavebulia aRniSnul ubanze liandagis TovliT  
danamqris sawinaaRmdego RonisZiebani, romlebic iTvaliswineben 
damcavi tyis zolis (cocxali dacva), gadasatani farebisa da 
gisosis mudmivi Robeebis mowyobas. 
 TovliT danamqrisaTvis damcav yvela zemoTaRniSnuli 
saxeebis moqmedebis principi efuZneba TovliT gajerebuli qaris 
nakadis mimarT winaRobiT gamowveuli nakadis siCqaris 
Semcirebas, am nakadidan Tovlis amogdebas, mis daleqvasa da 
nagebobebis win Tovlis safaris warmoqmnas. 
  liandagis TovliT danamqvrisagan damcav saSualebaTa 
SerCevisa da ganlagebis dasadgenad TiToeuli konkretuli 
ubnisaTvis Sedga qaris vardula, romelic mibmuli iqna 
rkinigzis xazis mimarTulebasTan.  
qaris vardulis (qaris siCqare da mimarTuleba) agebis 
Semdeg dadginda zamTris xangrZlivoba, Tovlis safariani 
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farTobebis sidideebi, mimdebare teritoriis maxasiaTeblebi, 
qarbuqiani dReebis ricxvi, mosuli Tovlis intensivoba, romelTa 
safuZvelze aigo Tovlis gadatanis vardulebi.                                                         
Tovlis is maqsimaluri raodenoba, romelic qaris mier 
gadaitaneba zamTris periodSi SemoRobvis xazTan gaangariSda 
formuliT     
S = (� i1t1sin 1 + � i2t2n1 sin2  + � intnsinn ) =n1n1 1104P�� in1 t sinα α m3gr.m          
    sadac: P aris qaris mier gadatanili Tovlis moculobiTi 
wona, gr/sm3;  P=0.15 gr/sm3, Semkvrivebis gaTvaliswinebiT  P=0.3 
gr/sm3; i  –Tovlis gadatanis intensivoba, mocemuli siCqarisaTvis, 
gr/wuT.sm; t _ Tovlis   gadatanis  xangrZlivoba,   mocemuli  
mimarTulebiT,  wT;  α – kuTxe Tovlis gadatanis  mimarTulebasa  
da Tovlisagan damcav nagebobas Soris; n – sxvadasxva 
intensivobiT gadatanili Tovlis SemTxvevaTa ricxvi.  
 eqsperimentebis saSualebiT dadginda damokidebuleba qvemo 
qarbuqis SemTxvevaSi qaris siCqaresa da Tovlis gadatanis 
intensivobas Soris da gadatanili Tovlis xarjis gadanawileba 
simaRlis mixedviT, romelic warmodgenilia 5-e da 6-e naxazze. 
 
 
nax. 5 Tovlis xarjis 
gadanawileba simaRlis mixedviT 
qvemo qarbuqis SemTxvevaSi  
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 nax. 6 damokidebuleba qaris 
siCqarisa da Tovlis gadatanis 
intensiurobas Soris 
(logariTmul koordinatebSi) 
 
  gadanawileba gadatanili Tovlis xarjisa simaRlis mixedviT 
zemo(saerTo) qarbuqis SemTxvevaSi, rodesac qaris siCqare 
Seadgens 6 m/wm-s, warmodgenilia me-7 naxazze. 
    martivi tipis Robeebis mier Tovlis dagrovebis unaris 
gazrdis  erT-erTi meTodi aris Robis tanSi, mis qveda nawilsa 
da miwis zedapirs Soris sicarielis – RreCoebis datoveba. es 
sicariele (RreCo) saSualebas gvaZlevs gadaWerili Tovlis 
zvinuli gadavwioT dacvis xazidan da amiT gavzardoT saerTo 
TovlSekavebis unari. 
Cvens mier SemoTavazebulia liandagis Tovlisagan dacvis 
efeqturi saSualebebi, rogorc sareabilitacio (marabda-
axalqalaqis), aseve mSenebare (axalqalaqi-karwaxi) ubnebze: 10 
metrze meti simaRlis WrilebSi Taroebis mowyoba; 10 metramdi 
simaRlis WrilebSi ferdebis CamoWra 8-10 metr siganeze, rac 
saSualebas mogvcems moWrili grunti gamoviyenoT yrilis tanis 
  
  nax. 7 Tovlis xarjis 
gadanawileba simaRlis mixedviT 
zemo qarbuqis SemTxvevaSi  
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asagebad; roca ferdobis daxra aRemateba 20÷350, maSin 
gaTvaliswinebuli unda iqnas Tovldamcavi kedeli, romelic 
liandagidan minimalur sagabarito manZilze moewyoba. 
qarbuqis Teoriuli kvlevebis analizisa da TovldamWer 
nagebobaTa eqspluataciis mravalwliani gamocdilebis 
Seswavlisa da analizis Sedegad Cvens mier SemuSavebulia 
TovldamWer nagebobaTa axali efeqturi da ekonomiuri 
konstruqciebi, romelTac gaaCniaT rigi upiratesoba dRemde 
gamoyenebul nagebobebTan SedarebiT. 
nagebobebis axali konstruqciebis damuSavebisas dasaxuli 
iyo nagebobis simtkicisa da mdgradobis gaumjobeseba 
minimaluri materialuri da SromiTi danaxarjebiT, mSeneblobis 
meqanizaciisa da industrializaciis uzrunvelyofa, gegmasa da 
sivrceSi sxvadasxva konfiguraciis nagebobaTa mosawyobad erTi 
da igive tipis elementebis gamoyeneba. 
 
 
 
 
 
 
 
 
 
 
Cvens mier Se-muSavebuli da reko-mendirebulia sivrceSi 
gamWoli formis, gegmaSi texili moxazulobis TovlgadamWeri 
nagebo-bebi da maTi gaangariSebis meTodika.                                    
nagebobebi Sedgeba samkuTxa, prizmatuli (trapeciodaluri) 
an maTi kombinaciis formis mqone seqciebisagan, romlebic ewyoba 
erTidaigive topoelementis - Riobis mqone filebis an sworkuTxa 
Zelebisagan. 
nagebobis forma da misi Semadgeneli elementebi 
saSualebas gvaZlevs gavzardoT nagebobis mier gadaWerili 
nax. 29 ToldamWeri nagebobebis xedebi 
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Tovlis moculoba da nagebobis simaRlis, masze mosuli 
datvirTvis, adgilmdebareobis, masalebis ekonomiisa da sxva 
pirobebis gaTvaliswinebiT ferdis daxris kuTxis cvalebadobis 
xarjze vcvaloT nagebobis konfiguracia misi mzidunarianobis 
sididis uzrunvelyofis Sesabamisad. 
rekomendirebul nagebobaTa teqnikur-ekonomikur      
upiratesobebs ganapirobeben: 
• texili moxazulobis sivrculi forma uzrunvelyofs 
gadaWerili Tovlis moculobis gazrdas da Tovlisa da 
Tovlgajerebuli qaris aqtiuri dawneviT gamowveul 
datvirTvaze nagebobis gadayiravebisa da wacurebis mimarT 
mdgradobis gaumjobesebas; 
• gegmaSi texili moxazulobis Sedegad nagebobaze kumSvasa 
da gaWimvaze upiratesi muSaobis Sedegad SesaZlebeli 
xdeba maRali simtkicisa da mcire sisqis elementTa 
gamoyeneba, riTac miiRweva mniSvnelovani sididis 
ekonomiuri efeqti; 
• sivrculi formis konstruqcia kargad aRiqvams ganiv 
Zalebs, ris gamoc mniSvnelovnad ioldeba nagebobis 
sayrdenTa mowyoba; 
• Tovli, romelic kontaqtSia garsacmebTan, aumjobesebs 
nagebobis sixistes da zrdis maT mdgradobas; 
• minimaluri tipo elementebis saWiroeba sxvadasxva 
konfiguraciis nagebobis mosawyobad, rac mniSvnelovnad 
aiolebs samSeneblo-samontaJo samuSaoTa Sesrulebas; 
• nagebobas gaaCnia arqiteqturulad kargad gamoxatuli forma. 
 
naSromSi Camoyalibebulia Semdegi ZiriTadi daskvnebi 
1. samTo rkinigzebze moZraobis usafrTxoebaze gavlenas 
axdens rigi faqtorebi, romlebic ganpirobebulia cicabo 
qanobian monakveTze matareblis moZraobis TaviseburebebiT 
da adgilmdebareobis bunebrivi movlenebiT; 
27 
 
2. cicabo qanobian monakveTze matareblebis moZraobis 
Taviseburebebs miekuTvneba: grZel daRmarTebze samuxruWe 
xundebis gadaxureba da cveTa, sahaero magistralSi wnevis 
normaze dabla dacema, gaWianurebul aRmarTebze elmavlis 
wevis Zravebis gadaxureba. bunebriv movlenebs miekuTvneba: 
Tovlis namqerebi da zvavebi, kldovani Camoqcevebi, Svavebi, 
kurumebi, mewyerebi, Rvarcofebi da sxva; 
3. rogorc gamokvlevebma gviCvenes, moZraobis usafrTxoebis 
TvalsazrisiT cicabo daRmarTis zRvruli sigrZe 
izRudeba xundebis gadaxurebisa da magistralSi haeris 
daSretis pirobiT; 
4. xundebis gadaxurebis temperatura damokidebulia xundis 
masalaze, moZraobis siCqaresa da daRmarTis qanobis 
sidideze. magistralis daSretis maqsimaluri dro uwyveti 
damuxruWebisas qanobisagan damokidebulebiT ar unda 
aRematebodes 30÷35 wT. am pirobebis erTdrouli 
gaTvaliswineba gvaZlevs daRmarTis zRvrul sigrZesa da 
moZraobis siCqaris optimalur sidideebs, romlis drosac 
uzrunvelyofili iqneba matareblis usafrTxo moZraoba; 
5. samTo rkinigzebze satvirTo matareblebis saangariSo 
wonis dadgenisas, garda lokomotivis simZlavrisa da 
qanobebis sididisa, unda gaviTvaliswinoT Semdegi 
faqtorebi: mcireradiusiani mrudebi, relsis Tavis 
mdgomareoba, vagonebs Soris gadasabmel mowyobilobaTa 
simtkice, wevis Zravebis gadaxureba. am faqtorebis 
gaTvaliswinebiT dadgenil iqna marabda-axalqalaqis 
rkinigzis xazze satvirTo matareblis wonis saangariSo 
normebi: zafxulis periodSi - 1700 t, xolo zamTris 
sezonze - 1300 t (ormagi wevisaTvis).  
Tbowevis SemTxvevaSi unda gaviTvaliswinoT dizelis 
Zravis simZlavris Semcireba atmosferuli wnevisa da 
temperaturis cvalebadobasTan dakavSirebiT; 
6. matareblebis usafrTxo moZraobis uzrunvelyofis mizniT 
Cvens mier Seswavlili iqna marabda-axalqalaqis monakveTze 
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yvelaze rTuli xuTi gadasarbeni. davadgineT, rom aqedan 
or gadasarbenze _ TeTriwyaro-nadarbazevi da winwyaro-
TeTriwyaro ar aris damakmayofilebeli damuxruWebis 
pirobebi. Cveni rekomendaciiT TeTriwyaro-nadarbazevis 
gadasarbenze gaixsna damatebiTi asaqcevi, xolo winwyaro-
TeTriwyaros gadasarbenze moewyo e.w. `dasasvenebeli~ 
moedani; 
7. bunebrivi movlenebidan erT-erT mTavar faqtors, romelic 
gavlenas axdens matareblebis Seuferxebel da usafrTxo 
moZraobaze, warmoadgens liandagis TovliT danamqra;  
8. Sedgenilia rkinigzis trasisa da profilis daproeqtebis 
pirobebi axalmSenebare rkinigzis xazis TovliT danamqris 
Tavidan asacileblad; 
9. SemuSavebulia liandagis TovliT danamqrisagan damcavi 
RonisZiebebi axalmSenebare rkinigzis ubanze axalqalaqi-
karwaxi-TurqeTis respublikis sazRvari; 
10. SemuSavebulia TovldamWeri nagebobebis axali 
konstruqciebi da maTi gaangariSebis meTodologia. 
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Abstract  
 
In the work are considered the measures to ensure the safety trains trafic on the 
mountanuous railways. On the mountainuous railways, in contrast to the having easy relief 
railways the traffic safety problem is rather problematic. This is stipulated due the number of 
trains traffic features that are characteristic for mountanuous railways. In addition the train 
safety factor is increased also by natural conditions such as harsh climate, complex geological 
and hydrogeological characteristics. 
As it is well known, the mountanuous railways has a complicated plan and 
profile. The longitudinal slope of profile in many cases exceeds 30 ‰. The value of 
the circular radius is less than 300 m and more.  
On the long steeps at freight trains movement is expected the overheating of brake shoes. 
The manufactured from composite materials brake shoes greatly increases the brake force of 
train, accordingly is possible to increase in the speed of train. But at the same time due the 
small thermal conductivity of the material occurs  thermal overload of wheels. In the case of 
cast-iron brake shoes due to high temperature and is expected softening of shoes and 
accordingly is decreased the braking force that ultimately increases the safety risk. 
The shoes heating temperature depends on the shoe’s material, the slope of the 
descent and the train speed. Theoretically the  determination of shoe’s heating 
temperature is rather comlex. In solution of this issue great contribution was made by 
the great Russian scientist and practicing professor V. Inozemtsev. Based on the 
interpretation of the proposed by him formula are defined maximum lengths 
depending on on the slope’s descent and speed. 
On the long slopes at train continuous braking is expected to drop pressure in 
brake conduit, in brake reservoir and brake cylinders below normal that increases the 
risk of accidents. The modern rolling stock are equipped by such air distributors that  
theorerically are inexhaustible. But because of the air outflow from the brake system 
is expexted air pressure fall so-called exhaustion. The theoretical definition of air 
pressure variation in the brake conduit is impossible. Therefore, for determination of 
continuous braking time consider the data of carrying out experiments and actual 
conditions. Grounding on the consideration and analysis of these data we define that at 
continuous braking on steeps when i<30 ‰ the time makes up to 35 minutes - while 
when i≥30 ‰ - 30 min.  
On the long slopes is expected also the enhanced depreciation of brake shoes. 
Especially in the case of cast-iron brake shoes. In the work is defined maximum lengths of a 
steep descents depending on shoes thickness and slope value. 
On the long rises at movement of design weight freight trains locomotive 
consumes the maximum power. Therefore, on the long rises is expected traction 
motor’s overheating. Are defined the maximum lengths of rises in conditions of 
motor’s overheating. 
In order to not disturb the trains traffic, it is necessary to make right choice of the train 
design weight. In contrast to the easy relief in the mountainous conditions on the 
determination of train’s weight are influenced many factors. Among them we can list the state 
of rail head, a small radiuses, strength of hookup between carriages and others. As it is well 
known, the locomotive traction force is mainly dependent on the value of traction coefficient 
between rail and locomotive wheel. Usually valaue of this coefficient in the case of the 
locomotive 's makes nearabout 0.25. 
As it is clear from studies, in our country, as well as in foreign countries the 
value of this considered is much less. Its value may be reduced in the case of 
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pollutants or frozen rail up to 0.15-0.2. The traction coefficient is decreased also in the 
case of curves with small radiuses (R≤500  m). 
By us are determined the values of design weight  on Marabda-Akhalkalaki line. 
I have proposed a so-called “seasonal” norms of design weights that during the 
summer makes up to 1700 tons, while in winter up to 1300 tons. 
Due consideration of above mentioned train traffic conditions we draw-up the traffic 
safety measures. As it is clear from investigations on a steep spans the length limiting 
conditions represents the brake shoes overheating and exhaustion in air brake conduit. Due 
simultaneously taking into account of these two conditions would be accepted optimal length 
of the design railway span. 
By us was examined the Marabda - Akhalkalaki railway line all most tense and 
complex spans. For all spans is drawn-up of traffic safety measures. In particular, 
Tetritskaro - Nadarbazevi (15 km) span did not meet either shoes heating or brake 
conduit exhaustion conditions. On this span due our recommendation on this point has 
opened an additional bypass “Chivchavi” point that have significantly improve train 
line security levels and increased capacity of line. On the span Tsintskaro- Tetritskaro 
is arranged so-called “Resting” field that gives the possibility to train to improve 
braking conditions. In all stations that are in adjacent to the long slopes, shall be 
arrandeg the protective dead-end sidings, while in the station “Thrialeti” - catcher 
dead-end siding.  
The continuous and safe movement, as it is mentioned above, in the complex 
mountainuous conditions, is depending also on the environmental conditions. On the 
mountainuous railways in most cases it is expected to snowdrifr of track. In the world 
practice there are cases when due snowslide was occurred the derailment of trains. 
The separate sites on Marabda - Akhalkalaki line often is snowdrifted. Is it such a 
span that is snowdrifted during 6 months perpendikular year and traffic is stopped. I 
have developed recommendations that provide protection of track from snowdrift. 
The  consideration of formulated by us recommendations on the existing railway as 
well as at design of the new railway line will provide safe movement of trains. 
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